Experiments on the mode of transmission of encephalitis (St. Louis type) have dealt thus far with the theories of direct person to person spread by way of the upper respiratory tract and spread by the bite of infected mosquitoes. Favoring the first idea are the experiments with mice demonstrating that virus instilled into the nose in small quantities readily gives rise to encephalitis (1) , but that virus injected into the blood stream directly or indirectly is relatively innocuous (2) . Moreover, mice receiving sublethal doses of virus intranasally are reported to become immune to subsequent lethal doses (3) , and persons in close contact with human cases of encephalitis are said to show specific protective properties in their sera (4) . Finally, mosquitoes fed directly upon human patients ill with encephalitis and then allowed to bite healthy persons failed to transmit the disease (5) . Although these observations favor the theory of person-to-person spread of this encephalitis by way of the upper respiratory tract, the puzzling fact remains that the seasonal incidence of the disease, August and September, corresponds in general, not with that of respiratory tract infection but rather with that which is borne by food, water, or insects.
One step in the analysis of the hypothesis of an insect vector has been made by determining whether the virus will survive in the mosquito host. In a single test with A edes aegypti, filtrates of infected mosquitoes became non-infective within 3 days; in several tests with 4 8 0 
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Anopheles quadrimaculatus, on the contrary, the virus survived. T h e experiments were carried o u t in the following manner.
Technique
Brains from at least five mice dying 4 to 5 days after an intracerebral injection of mouse brain virus were removed and pooled, ground with alundum, suspended in equal parts of hormone broth and ascitic fluid, and diluted one part by weight of brain in nine parts volume of fluid. This suspension was centrifuged at 3000 R.l~.m. for 30 minutes and 1.5 ce. injected intraperitoneaUy into Swiss mice. Virus so injected is known to be present in the blood stream for at least 5 hours in amounts exceeding 5000 fatal intracerebral doses per cc. The injected mice were immobilized by tying to boards, and within 60 minutes after receiving the virus were placed with abdomens in contact with the gauze tops of cages containing starved mosquitoes and left there under observation from 1 to 2 hours. They were then released and placed in cages for observation.
The mosquitoes employed were raised in the Laboratories of the International Health Division of the Rockefeller Foundation by Mr. Thomas L. Cain, Jr. (6) . Lots of 200 to 400 females, 4 to 7 days old, were used in each test. A given lot was allowed to feed on infected mouse blood for 1 to 2 hours, as described above, and those not feeding were discarded. Within 4 hours of feeding, ten engorged mosquitoes were selected at random, killed with tobacco smoke, ground in a mortar, diluted with 3 cc. of equal parts of ascitic fluid and hormone broth. The suspension was centrifuged at 2500 R.P.~. for 20 minutes and then filtered through a Seitz pad 2.4 cm. in diameter, at 30 pounds pressure. The filter was previously saturated with protein by passing 10 cc. of hormone broth through it at 15 pounds of pressure. This procedure permits passage of the virus with no appreciable loss (7) . Tenfold serial dilutions were made of the filtrate and each was injected intracerebrally in 0.03 ec. amounts into four to six Swiss mice. The injected animals were observed 21 days and their duration of life recorded.
The test lot of mosquitoes was maintained according to the routine laboratory procedure. At varying intervals, samples of ten were tested as described for detecting quantitatively the presence of virus. Virus recovered from the final sample from a given lot of mosquitoes was shown to be identical immunologically with the original test virus.
Results of Titrations
Aedes aegypti.--One test was m a d e with Aedes aegypti. As shown in T a b l e I, the virus was present in the mosquitoes 4 hours after feeding on the infected mice. All mice receiving undiluted filtrate a n d filtrate diluted 10 -1 died, a n d t w o of the six receiving the 10 -3 dilution died. I f the titration end-point is t a k e n as the dilution killing 50 per cent or more of the mice (8), the quantity of infective virus per mosquito at 4 hours m a y be estimated as follows: Taking the endpoint as the 10 -1, or 0.03 cc. of 10 -~ dilution, there must have been 1000 mouse lethal doses in the 3 cc. of filtrate, or 1000 lethal doses in ten mosquitoes and 100 lethal doses in each mosquito.
At 3, 5, 8, 11, 14, and 20 days after feeding, samples of ten of the lot were tested but failed to kill the mice. No further tests on Aedes aegypti could be made at this time; hence this result is given merely as a m a t t e r of record. Blank spaces indicate mice surviving and well 21 days.
Anophdes quadrimaculatus.--Six experiments were made with Anopheles quadrimaeulatus. In each experiment, samples of mosquitoes tested within 4 hours of feeding on the infected mice contained demonstrable virus. Samples tested 2 to 15 days later showed less virus than was demonstrated in the first sample. Samples tested after 25 days showed virus present in amounts approximately equal to but not exceeding the titre in the original sample.
Experiment 1, April 2, 1934.--Female
Anopheles quadrimaculatus mosquitoes were permitted to feed 2 hours on mice which had received 1.5 cc. of a 1 to 10 emulsion of mouse brain virus. Those shown to be engorged were saved; the remainder were discarded. 4 hours after feeding, ten mosquitoes were killed and
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I I I titrated as far as 10 -3. Table II shows that all mice receiving the undiluted 10 -t, 10 -z, and 10 -3 suspensions died, indicating that at this time each mosquito contained at least 10,000 mouse lethal doses of virus. 3 days later, the titre had dropped to 100 lethal doses per mosquito. On the 7th day, the titre was between 10 and 100, on the 10th and 14th days, 100 lethal doses, on the 17th and 21st days, 1000 lethal doses, on the 24th day 10,000, and on the 30th day, 100,000 lethal doses per mosquito. This final titre of 100,000 could not be regarded as greater than the titre of at least 10,000 in the original sample of infected mosquitoes since in that sample dilutions of 10 -4 and greater were not tested. . The titre of samples tested 4 hours after feeding was 10,000 lethal doses. This dropped to a titre of 10 lethal doses on the 3rd day, and increased to 100 on the 14th and 24th days (Text- fig. 1 ). An unusually high mortality among the mosquitoes terminated this experiment before the final titrations could be run. (Table III) . The immediate titre of the 4 hour sample of ten mosquitoes was 10,000 lethal doses per mosquito. On the 4th day it had dropped to 100; on the 7th day to less than 100; on the l l t h and 14th days it had increased to 1000; and on the 18th day to 10,000. On the 25th day it was 1000, on the 33rd day 100, and on the 42nd day 100,000. These last three titrations are irregular and cannot be taken to indicate that the titre of the final sample surpassed that of the freshly fed mosquitoes.
Experiment 4, October 19, 1934.--The test was repeated a fourth time on 168
female mosquitoes fed on infected mice, with more regular results (Table IV) . The titre of virus in the 4 hour sample was the same as previously, 10,000 lethal mouse intracerebral doses per mosquito. On the 4th day the titre had dropped to 1000; on the 7th and l l t h days to 100 and 10, respectively. It had increased 9, 9, 9
Blank spaces indicate mice surviving and well 21 days.
to 10,000 on the 19th day and continued at the level of the original titre on the 26th and 33rd days.
Experiment 5, November 1, 1934.--In the previous experiments no evidence of multiplication of virus in the mosquito had been obtained since the titres of virus in mosquitoes 4 hours after feeding were not surpassed at any later period. In Experiment 5, smaller amounts of virus were injected into the mice as possibly a more sensitive method of detecting an increase above the original low titres. Lots of twenty-five mosquitoes were each fed on mice given an intraperitoneal injection of 0.5 cc. of mouse brain virus in dilutions of 1 to 10, 1 to 100, 1 to 400, and 1 to 1600. A titration of virus in a sample of ten mosquitoes was made 4 hours after feeding and in the survivors 27 days later. The results are shown in Table V 
Failure of Virus-Containing A nopl~.!es quadrimaculatus Mosquitoes to Transmit the Infection to Mice and Monkeys
Virus-containing Anopheles mosquitoes were tested for their ability to transmit the infection to mice and monkeys, although these animals were known to be resistant to experimental blood stream infection (2) . At various intervals after engorging on infected mice, lots of mosquitoes were fed on normal mice and monkeys. None of these contracted encephalitis or developed i m m u n i t y or serum-neutralizing substances against the virus.
DISCUSSION
The experiments described are believed to constitute the first instance in which an AnoPheles mosquito has been shown to harbor a virus. The encephalitis virus in Anopheles quadrimacutatus, unlike yellow fever virus in Aedes aegypti (8) , has been shown to bepresent 21 to 42 days in quantities approximately equal to that originally ingested. The original titre was not exceeded, however, even in instances in which it was relatively low. Hence the virus cannot be said to have multiplied in this insect host Knowledge that the virus of encephalitis can persist in a species of mosquito prevalent in regions in which the disease occurs is of basic importance in testing the insect transmission theory.
CONCLUSIONS
Anopheles quadrimaculatus mosquitoes, fed on mice in which encephalitis virus (St. Louis type) is present in the blood stream, take up and retain the virus for the duration of their lives.
The titre of the virus in mosquitoes 4 hours after engorging on mice with a maximum blood stream infection represents about 10,000 lethal mouse intracerebral doses per mosquito. This fitre drops during the following 2 weeks to about 100 lethal doses per mosquito, but from the 3rd week to the death of the mosquito, usually increases to approximately the original level and remains there.
The titre of virus in mosquitoes which have engorged on mouse blood containing smaller quantities of virus exhibits the same drop and subsequent rise to the original level.
The virus-containing mosquitoes did-not infect mice or monkeys by biting.
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